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ABSTRACT
This thesis is an analysis of the transverse tensile stress 
condition in an end block of a prestressed concrete beam. A stress 
analysis was made by photoelasticity and compared to the mathematical 
solutions and experimental solutions performed by others on concrete 
models. The photoelastic model was made from a piece of Columbia 
Resin, 39.
Whatever method is chosen to determine the stress condition, 
there is no exact code that can be established to fit the various type
problems which arise.
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6STUDY OF THE DESIGN OF REINFORCEMENT FOR PRESTRESSED 
CONCRETE END BLOCKS
INTRODUCTION
Since the beginning of the twentieth century, concrete has taken 
its place as one of the most useful and important structural materials. 
There are many reasons responsible for the growth of concrete con­
struction, several of which are the local availability of a large 
portion of the material used in concrete, the ability to be formed into 
any shape, and because it is very pleasing to the eye.
One of the early disadvantages noted in the use of concrete was 
its inability to resist tensile stresses. As time went along, engineers 
found by placing steel bars on the tensile side of a flexural member, 
that the tensile load would be carried solely by the steel bars. This 
produced a low-cost material capable of carrying compressive stresses 
and with the addition of a small amount of steel, it has the ability to 
resist tensile stresses. The concrete on the tensile side of the 
neutral axis serves two main purposes; it provides a connection between 
the compressive concrete and the steel and secondly helps resist 
diagonal tension stresses. The tensile concrete is considered cracked, 
by design procedures, and therefore cannot resist tension. This 
concrete below the neutral axis results in useless dead weight with the 
exception of the ability to resist diagonal tension stresses.
Around 1949 a new concept, in reinforced concrete construction, 
was introduced into the United States called prestressed concrete.
7Although accepted only a few years ago, the idea of prestressing was 
applied perhaps centuries ago. As an example of the idea of pre­
stressing centuries ago, wooden barrels were made with staves and metal 
bands around the outside. This produced stress conditions similar to 
that of a prestressed concrete beam in that the metal bands were placed 
in tension and the wooden staves were placed in compression.
With the acceptance of the prestressed concrete idea, architects 
and engineers have designed and built structures never before dreamed 
of by man. Prestressed concrete goes two steps beyond reinforced 
concrete. First, all of the concrete on the tensile side of the neutral 
axis is put under an initial compressive stress of such a magnitude 
that all design loads which are to be applied to the structure in the 
future can reduce this stress but will not put the concrete in tension 
(Figure 1). Secondly the prestress is applied in such a manner that it 
creates a bending moment of opposite sign to those which will be 
produced by applied dead and live l o a d s . ( F i g u r e  2). In the actual 
construction of a structure the compressive stresses may be applied in 
one of three ways; by post-tensioning, by pre-tensioning or by pre­
stressing externally. Post-tensioning is applied to all systems in 
which the steel is tensioned after the concrete has been cast and 
matured. Pre-tensioning is a method in which the steel is tensioned 
before the concrete is cast, the wires being temporarily anchored 
against rigid supports. The third method, prestressing externally, is 
similar to post-tensioning in that the steel is not tensioned until 
after the curing process but differs in design in that the steel is 
usually tensioned on the exterior surface of the beam.
8
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One of the Largest demands for prestressed concrete is in the 
design of beams. Prestressed beams are capable of spanning greater 
distances and the size required, to carry the same load as the con­
ventional reinforced concrete beam, is much smaller*
One disadvantage noted in working with the prestressed concrete 
is the highly skilled and technical working crew required to efficiently 
operate a plant and or project. This results in increased labor costs, 
but overall savings may offset these costs when compared with other 
types of construction.
There are many design considerations which engineers have been
confronted with in the design of prestressed concrete beams. Some of
these design considerations are the initial prestress required in the
steel, placement of the prestressing steel and the use of the loading
devices now available on the market. These problems have been solved
by experimental methods or by mathematical calculations,
There is one very important design consideration remaining to be
solved and that is the design of an end block for a prestressed concrete
beam. Theend block is that portion at the end of a prestressed beam
which surrounds the anchorages of the tendons, (Figure 3). Throughout
the length of the end block, prestress is transferred from areas of high
stress concentration and distributed throughout the entire beam section.
The necessary length of an end block or lead-in zone as it is sometimes
referred to, has been found both mathematically and experimentally to be
approximately equal to the depth of the beam. As stated in the Tentative
Recommendations for Prestressed Concrete, "The size of the end block is
(2)usually proportioned by experience .**
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The determination of the stresses in end blocks is a complex 
problem, and the mathematical methods available are either extremely 
lengthy or involve sweeping assumptions. The experimental investi­
gation of actual concrete end blocks has not yet been carried out to 
any great extent; photo-elastic work is promising, but neither has this 
reached a stage to be of direct value to the designer. '
It is the intention of this author to review all available 
sources of information and with the use of photoelasticity, check re­
sults of transverse tensile stresses as obtained by various authors. 
Then, using the stress values obtained by the photoelastic methods, 
determine the amount of reinforcing steel required in the end zone 
of an example problem.
1?
REVIEW OF LITERATURE
There are always concentrations of forces which must be evaluated
or at least approximated, in the design of a post tensioned beam.
Whatever process is employed in creating the prestressing forces,
whether it be by jacks on external abutments or jacks bearing against
the end of a beam, these stresses present problems to the engineer.
The term ” lead-in zone" will be applied to the zone of the beam
lying between the surface on which the prestress forces act and that
section which a linear distribution of stress is first attained. In
this lead-in zone, the longitudinal stresses must pass progressively
from the discontinuous distribution to the continuous uniform stress
condition, (Figure 3). This progression cannot be made without giving
rise to transverse stresses and to shear stresses along both horizontal
(4)and vertical longitudinal planes.
Guyon and his associate, E„ Freyssinet, limited their work on 
prestressed concrete to the study of straight beams on two supports*
The analysis and study of such a simple structure as this gives an 
idea of the number and complexity of the problems met in prestressed
(4)concrete design.'
In Guyon’s discussion of the stress distribution which exists in 
the short distance, represented by the lead-in zone, he concludes that 
the stress distribution can only be solved by the advanced theory of 
elasticity, which is complicated even for the simplest conditions of 
loading. In order to simplify the stress distribution, Guyon makes an 
assumption that the load is uniformly distributed across the width of
the beam, thus, instead of a load concentrated at one point, he assumes 
a knife edge load extending the entire width of the beam* The problem 
is then reduced from a three dimensional problem to a two dimensional 
problem, (Figure 3). As a result of this knife edge load extending the 
full width of the beam, stress calculations are made on a vertical 
longitudinal plane ABCS, Figure 3. Zero stress is assumed in the 
direction of the width of the beam. Similar stress calculations can be 
made on a horizontal longitudinal plane by assuming a knife edge load 
acting across the depth of the beam rather than the width. Zero stress
(4)is then assumed in the direction of the depth of the beam.
By applying this knife edge load, in experimental studies, shear 
and transverse stresses were found to exist along vertical and hori­
zontal planes throughout the lead-in zone. Those stresses most critical 
were along the axis of the applied load* In general the shearing 
stresses were small with relation to allowable stresses and only the 
transverse tensile stresses produced strains which were considered to 
be critical* These stresses were actually computed for the exterior 
surface* Guyon assumed the same stress distribution existed along a 
vertical plane through the center line of the beam, in the vicinity of 
the applied force. As a result of the above assumption, average 
stresses were computed. This average stress condition would not be 
the case in actual practice because of the discontinuous load 
arrangements *
An ideal situation would exist if the load was uniformly 
distributed across the entire end surface of the beam* This would
14
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provide a continuous stress distribution through the full length of the 
beam. This of course would be impossible. Guyon found by varying the 
size of the bearing plates that a corresponding change in transverse 
stress was obtained. A graph of transverse stress (fy) versus distance 
along OZ, for a symmetrical load arrangement, has been plotted for 
various bearing plate sizes, figure 4 .
Guyon continued his study of end blocks by applying loads at 
various positions across the bearing surface.
By replacing a single force by a number "n" of regularly spaced 
forces without modifying the bearing pressure on the surface to which 
the forces are applied, the maximum transverse tensile stress remains 
unchanged, but the length of the lead-in zone is divided by "n" as are 
the resultant tensile forces in a given region, hence the tensile 
reinforcement in that region,is also reduced.
Singly Applied Force Single Force Divided




The principal effect of localized forces is the production of 
stresses in planes at right angles to the line of action of forces and 
which tend to burst the element transversely to the direction of the 
applied force. To resist these stresses, reinforcement must be provided 
in planes parallel to the bearing surface. Such reinforcement is 
usually fitted in two mutually perpendicular directions, i.e., hori­
zontal and vertical planes.
According to St. Venant's principle, the state of stress across 
transverse sections through a concrete member subjected to a number of 
localized forces on its ends is dependent only upon the magnitude, 
position and direction of the resultant of these forces and not upon the 
precise method of application of each individual force, provided that 
the sections are not close to the ends of the member. Stated another 
way, the effect of forces applied over a small area may be treated as a 
statically equivalent system which, at a distance approximately equal 
to the height of a beam, causes stress distribution which follows the 
simple law, = P/A.^^
F. B. Morice and E. H. Cooley^^ attack this stress analysis 
problem by assuming that it is the same type problem as occurs in a 
design of a foundation block transmitting a number of concentrated 
loads to an elastic bearing medium. Figure 6. In general sections 
parallel to the lines of action of the prestressing forces are subjected 




Elastic Foundation Analysis 
Figure 6
Each set of end forces sets up a particular shear force and 
bending moment distribution in the end block. Those which tend to 
reduce the tensile stresses will provide a greater factor of safety 
against failure* Thus, without affecting the action of the rest of the 
beam the designer is free to choose his end forces as he pleases, pro­
vided the resultant of these forces has the desired magnitude, position 
and direction. ■ '
The shear stresses produced on.the vertical sections in the 
foundation block, combined with the transverse compressive and tensile 
stresses, induce greater principal stresses acting on planes inclined 
at an angle to the beam's axis.Therefore it is advantageous to reduce 
the shear in the end block to a minimum.
Magnel^^ approaches the stress problem from still a different 
angle that has the double advantage of being quick and erroring on the 
safe side by overestimating the maximum tensile stresses.
For the usual theory of bending, the assumption that the stress
distribution is linear, is too inaccurate for stress analysis in end 
blocks assumed to be acting on a foundation. There is in reality, no 
definite underside to the foundation block; it continues past the assumed 
base as the remainder of the prestressed beam, and the transverse bending 
stresses will gradually die away.'' *
Magnel suggests a stress distribution of the form shown in 
Figure 7.
By assuming that the stress in the bottom of the block approaches 
zero tangentially (a gradual process), and by equating the areas of the 
compressive and tension zones, it is possible to obtain an equation for 
the shape of this non-linear stress distribution so that stress values 
can be obtained at various depths through the block. The bending stress 
at any point on a vertical plane through the foundation block is given 
by
C - K- vM 
Ad
where M is the bending moment acting on the plane under consideration,
A is the area of the plane and d is its depth. K is a coefficient
(4)expressing the shape of the assumed stress distribution*v 1
The shear stresses at any point in the foundation block is 
distributed over a vertical section of the block in a manner that may 
be derived from the expression for the assumed bending stress 
distribution. The value of s at any point on a vertical plane through 
the foundation block is given by
S « k 9 S 
A
20
Normal Theory of Bending
Bending Theory 
Figure 7
where S is the shear force acting on the plane under consideration and 
A is the area of the plane. K is a coefficient expressing the shape 
of the shear-stress distribution corresponding to the depth from the 
top surface of the point required.
Magnel has constructed a chart for these various coefficients 
of K with respect to the desired depth below the top of the foundation 
block.
The longitudinal compressive stress p is constant throughout the 
lead-in zone with the exception immediately below the prestressing 
force. See figure below:
Stress Distribution
Figure 8
Magnel assumes the compressive stresses are dispersed along a 
45 degree line from the edge of the base plate, as shown above.
Therefore the area above the plane AA is reduced in comparison with the 
length width product. This results in a higher compressive value for p.
Through the use of Mohr's circle, Magnel calculates values for 
the principal tensile stresses from which steel reinforcement is 
designed.
Magnel compared theoretical data with tests run on end blocks 
in the laboratory. Calculations of tensile failure throughout the 
lead-in zone indicated that failure would occur at a somewhat greater 
depth than was found to exist by the laboratory results.
The material covered thus far has placed the emphasis on the 
transverse stresses and steel requirements. One other area which must 
not be overlooked is the steel required in the immediate vicinity of 
the prestressing force. The patented anchorage devices used will 
usually provide plans for wire cage reinforcement if imbedded in the 
concrete.
The steel reinforcement required in the spalling zone, (Figure 
9) is usually determined by experience. The tensile stress that exists
Figure 9
in this area must be resisted by steel. Even though steel may not be 
required, Magnel feels it is advisable to provide some mild steel so 
that in the event of subsequent damage to the end of the beam the 
anchorage zone would hold together and not disintegrate completely.
23
PHOTOELASTICITY
In 1816, Sir David Brewster, a British physicist, discovered that 
when a piece of glass was stressed and viewed by polarized light passing 
through it, a fringe pattern was set up, Figure 14. He suggested that 
the fringe pattern might serve as a basis for measurement of stress in 
engineering structures. Very little was done experimentally from the 
time of Brewster until the beginning of the twentieth century to utilize 
his knowledge for design purposes.
The science of photoelasticity moved from this undeveloped stage 
to the practical stage, mainly by the persistent and life-long labors 
of Professor E. Go Coker and the late L» N„ 6. Filon, both of the 
University of London. Their Treastise on Photoelasticity was published 
in 1930 by the Cambridge Press. Since then there have been improvements 
made on technique and materials, and the science has been extended into 
the three dimensional field. Today Photoelasticity is one of the 
cheapest, most accurate and versatile of the methods available to the 
stress analysts.
The ultimate objective of any stress analysis study is the 
determination of the state of stress in the structure being investi­
gated with sufficient accuracy and at enough points to provide infor­
mation for an adequate design.
The photoelastic method involves making a transparent plastic
model and determining stresses in this model under a simulated load.
This method has an advantage over the strain gage technique in that
stresses may be calculated at every point in the model rather than at
(9)the specific point where strain gages are located.
24
Certain transparent materials such as crystals of calcite and 
mica or certain strained plastics demonstrate the phenomenon of 
double-refraction* Double-refraction divides a ray of light into two 
beams, which travel at different speeds through the material. This 
means that one beam will be retarded in relation to the other while 
traveling through the plastic. The two beams of light transmitted 
through the double-refractive materials are polarized at right angles 
to each other. The direction of polarization corresponds to the 
direction of principal strains in the double-refractive material.
Stress is induced into the model (double-refractive material) 
by the application of a load. This stress pattern set up is in the 
form of dark or bright bands, (Figure 14). These black bands are 
known as fringes. In terms of stress a fringe becomes the locus of 
points of constant difference between the principal stresses P and .Q. 
This is a result of double-refraction.^^
The mathematical equations, to be used in the calibration of 
the double-refractive material, are listed as follows:
'7 'm O 'p - (i)
(2)
Zv-? = T Z o O 'x ' (3)
CTz.
W
Equation (1) gives the relationship of the principal stresses 
to the maximum shear stress. r  max is equal to the maximum shearing 
stress, P is equal to one principal stress and £  is equal to the other 
principal stress.
Equations (2) and (3) are used to relate the difference in 
principal stress to the various properties of the model used. The 
model fringe value "F", depends on the kind of material used, its 
thickness, t, and the wave length of the light employed. The material 
fringe value is represented by nfn .
Equation (4) is the flexure formula that will be used later to 
obtain the model and material fringe values.
In order to check Guyon and Magnel1s analytical calculations, 
of transverse tensile stress in the vicinity of the applied load by 
photoelasticity, a two dimensional stress investigation will be made.




Guillotine Type Loading Frame
Figure 12
Polaroids and Quarter Wave Plates
Figure 13
Stress Pattern Beam in Pure Bending 
Figure 14
mEXPERIMENTAL MODEL ANALYSIS
The problems that produced the greatest difficulties were in the 
making and loading of the model. It was necessary that the concentrated 
load be a vertical load and that it be symmetrically placed, with 
respect to the cross sectional area, in order to produce fringes 
symmetrical about the axis of loading. Care was exercised when grinding 
in order to prevent residual stresses. Scratches on the face of the 
model were avoided as they could lead to stress concentration which 
would result in incorrect data.
The double-refractive material used in this model analysis was 
taken from a sheet of Columbia Resin, referred to as CR 39, of 1/4 
inch nominal thickness. Actual thickness was 0.247 inches. CR 39 is a 
beautifully clear material having about the same optical sensitivity as 
Bakelite but about half the modulus of elasticity. It cannot be welded 
satisfactory and is hard to machine owing to the tendency to chip along 
the edges because of brittleness. The grinder used was a high speed 
milling machine, mounted in a specially built aluminum stand resting on 
top of a work bench, figure 10. The template used in making the model 
was cut from a piece of aluminum 0.124 inches thick.
The polariscope was equipped with two polaroids, two-quarter 
wave plates, figure 13, a mercury-vapor monochromatic light source, 
figure 11, a white light source, a guillotine type loading frame, 
figure 12, a Wratten-77 filter, and a camera. The camera was of the 
bellows type and was equipped with a standard 5 x 7  film holder, figure
13.
Calibration Test:
The material fringe value (f) and the model fringe value (F) 
were determined by means of a calibration test in pure bending. An 
illustration of the loading frame and the beam is pure bending is 
shown in figure 15.
As the load on the calibration beam was gradually increased, 
fringes began to appear. The loads that produced increments of half 
and whole fringes were recorded. The half fringe was obtained from a 
mixed-set-up which produce a white background, figure 16. The whole 
fringe was obtained with a crossed-set-up which produced a black back­
ground, figure 17.
A look at the moment and shear diagram of the model, figure 15, 
indicates that within the region A-B, the bending moment is constant, 
there is no vertical or horizontal shear stress, and the normal stress 
to the element shown is zero. Therefore from this boundary condition, 
6<fsO and CjH will be equal to the principal stress, P.
From equations 1-4
£5 .z n
The model fringe value (F) is represented by the slope of a 
curve of /fno% versus fringe number, figure 18.
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Determination of Tensile Stresses
The photoelastic model of the lead-in zone was symmetrically 
loaded with a concentrated load. The load produced fringes that 
crossed the symmetrical axis at various depths, figures 19 and 20.
The picture of the isoclinics - the locus of points along which the 
principal stresses have parallel directions - figure 21, indicates that 
the zero degree isoclinic coincides with the symmetrical axis . There­
fore the stresses along this axis are principal stresses. Within the 
immediate vicinity of the load, these fringes could not be distinguished.
At the point of application, under high stress concentration, 
there is always a certain plastic yielding of the material and as a 
result of this yielding the load will become distributed over a finite 
area. Imagine that the portion of material which suffered a plastic 
flow is cut out from the model by a circular cylinder surface of small 
radius. Then the equations of elasticity can be applied to the re­
maining portion of the model.
At points along the symmetrical axis, where fringes cross, the 
difference in principal stresses (P-Q) is known. The transverse 
stresses cannot be determined until a separation in (P-Q) has been made.
Several methods are available for the separation of P and Q
stresses. The methods of separation are not dependent on maintaining
purely elastic conditions, although the experimental data from which
this analysis was made were obtained from a photoelastic model which
should be kept within the elastic range for the data to be usable.
The method chosen is known as the Shear Difference Method, developed by
(10)M„ Mo Frocht.
The Shear Difference Method is a numerical method of integration.
The value of this integral can be represented by the area under a curve
for which the ordinates are the "rate of change of shear in a direction
normal to direction of integration" and the abscissas are directions
(12)along the path of integration.
For two dimensional stress states the equations of equilibrium 
are as follows:




where and o7  are the normal stresses on the x and y planes,
is the shearing stress intensity on the x and y planes, and X
( 12)and Y are body forces per unit volume in the x and y direction.
The body forces can be neglected since their influence is usually small 
in comparison with the effect of the applied load.
By multiplying both sides of equation (1) by dx and integrating 
with respect to x, the equation reduces to:
(3)
where ((Tv)* represents the value of at a given location for which
the stress values are known or may be obtained. In this problem the 
stress in the x direction is known at the boundary.
40
In the case of a small finite particle, equation (3) which con­
tains integrals, can be closely approximated by the following ex­
pressions containing summations of finite increments:
= C<r„). -  £  o *
7 (4)
Equation (4) can be reduced further by making increments such that 
^  Y' equals Lj :
OUtf - (Oydo ~  (5)
The shear stress on any x-y plane in terms of fringe number and 
model fringe value, is represented by the following equation:
T i y  - 2. Q
in terms of principal stresses
In order to determine the maximum tensile transverse stress 
along the axis of the applied load, several sections were chosen to 
apply the Shear Difference Method, figures 20 and 21. Once these 
principal stresses were separated, a graph of transverse stress versus 
distance along the symmetrical axis, was plotted, figure 22.
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Point 1 0.09 177.5 9 =* 80° 
0.34 5.5 47.8
Point 2 0.30 177.5 9 - 45° 
1.00 53.3
0.2D
Point 3 0.20 177.5 9 * 15° 
0.50 17.8 63.8
Point 4 0.50 177.5 9 = 33° 
0.92 81.6
0.3D
Point 5 0.48 177.5 9 * 20° 
0.642 54.6 153.4
Point 6 1.20 177.5 9 ** 43° 
0.927 208
0.4D
Point 7 2.10 177.5 9 * 30° 
0.864 322 37
Point 8 2.30 177.5 9 = 59° 
0.88 359
0.5D
Point 9 Unknown 177.5 0 0
0
Point 10 3.8 177.5 0 0
^Experimental Data






(psi) ^ ' ( p s i ) ‘9 Sin 2 0 Txy (psi)
0 0.09 356 32 16 90° 0 0
0.1D 0.20 356 71.5 35.3 62.5° 0.82 28.9
0.2D 0.40 356 142 71
or^.CM 0.81 57.6
0.3D 0.84 356 299 149 31.5° 0.89 133
0.4D 2.15 356 766 383 44.5° 0.999 300
0.5D 6 356 2140 1070 0 0 0
Experimental Data
Section A-A (Figures 19 and 20)
Depth
Mean 




Psi (PH#)2 4 Txy^ >6-4) -4 Txy2 Gy psi
0 — 0 32 0 1024 0 32
— f c---
-32
0.1D 47.8 -47.8 71.5 28.9 5110 3340 42 -89.8
0.2D 63.8 -111.6 142 57.6 20,200 13,300 83 -19.46
0.3D 153.4 -265.0 299 133 89,400 70,800 136 -401
0.4D 37 -302.0 766 300 586,000 360,000 475 -177
0.5D 0 -302 2140 0 4,590,000 0 2140 -244 .J,
47
Experimental Data











Point 1 0.30 177.5 9 = 45° 
1 63.3 21
Point 2 0.45 177.5 e - 56° 
0.926 74
0.2D
Point 3 0.5 177.5 9 « 27° 
0.81 72 61
Point 4 0.8 177.5 9 - 55° 
0.94 133
0.3D
Point 5 1.1 177.5 9 *» 43° 
0.996 195 18
Point 6 1.4 177.5 9 * 60° 
0.866 213
0.4D
Point 7 2.3 177.5 9 ** 60° 
0.866 350 122
Point 8 2,0 177.5 9 « 70° 
0.643 228
0.5D Point 9 4.0 177.5
:© = i6 .J0349 34.6 -9.5
Point 10 2.45 177.5
S = lo 
<,0349 tf.l
Experimental Data





(psi) ^■'(psi) 9 Sin 2 9 Txy (psi)
0 0.23 356 82 41 90° 0 0
O.lD 0.38 356 135 67.5 52° 0.97 65.5
0.2D 1.00 356 356 178
o00 0.99 176
0.3D 1.25 356 445 222 51° 0.97 215
0.4D 2.2 356 782 391 65° 0.766 300
0.5D 3.0 356 1070 535 0 0 0
Experimental Data
Section B-B (Figures 19 and 20)
Depth
Mean




psi (PH$)2 4 Txy2 l/(P-c$)2-4Txy2 ^Vpsi
0 — 0 82 0 6730 0 82 -82
O.lD +21 -21 135 65.5 18,210 17,100 33 -54
0.2D +61 -82 356 176 127,000 124,000 54.8 -115.8
0.3D +18 -100 445 215 198,000 185,000 114 -214
0.4D -122 +22 782 500 612,000 360,000 502 -480
0.5D -9.5 _31.5 1070 0 1,142,000 0 1070 -1038.5
Experimental Data











Point 1 0.48 177.5 9 = 60° 
0.866 74 17
Point 2 0.65 177.5 0 = 64° 
0.788 91
0.2D
Point 3 0.80 177.5 0 = 59° 
0.88 125 -7
Point 4 0.90 177.5 0 = 66° 
0.74 118
0.3D
Point 5 1.30 177.5 9 = 63° 
0.81 187 -49
Point 6 1.25 177.5 0 = 71° 
0.62 138
0.4D
Point 7 1.95 177.5 0 = 72° 
0.586 203 -80
Point 8 1.70 177 *5 0 = 78° 
0.406 128
0.5D
Point 9 2.4 177.5 0 * 1 °.0349 14.8
-6.5










(psi) ^ p .i> 6 Sin 2 0 Txy (psi)
0 0.38 356 135 68 90° 0 0
O.lD 0.60 356 214 107 62° 0.83 89
0.2D 0.80 356 285 143 65° 0.766 111
0.3D 1.30 356 463 231 71° 0.615 142
0.4D 1.75 356 623 312 79° 0.375 117
0.5D 2.0 356 713 357 0 0 0
Experimental Data 
Section C-C (Figures 19 and 20)
Depth
-Mean




psi _.. _(?•<?)2 4 Txy^ V(PiS)2-4Txv2 ^Vpsi
0 — 0 135 0 18,200 0 135 0
O.lD +17 -17 214 89 45,800 31,700 118.8 -135.8
0.2D -7 -10 285 111 81,000 49,300 178 -188
0.3D -49 +39 463 142 214,000 81,000 365 -324
0.4D -80 +119 625 117 391,000 54,700 580 -461
0.5D -6.5 +125.5 713 0 509,000 0 713 -587.5
Experimental Data











Point 1 0.65 177.5 9 = 66° 
0.74 85 -9
Point 2 0.70 177.5 9 - 71° 
0.61 76
0 2d 1
Point 3 0.95 177.5 9 - 68° 
0.696 117 -25
Point 4 0.88 177.5 9 * 72° 
0.59 92
0.3D
Point 5 1.25 177.5 © - 74° 
0.53 118 -32
Point 6 1.10 177.5 © = 77° 
0.44 86
0 4tj -
Point 7 1.50 177.5 9 = 81° 
0.31 82 -27
Point 8 1.30 177.5 9 * 83° 
0.24 55
0.5D
Point 9 1.70 177.5
9=1°
.0349 10.4
-1.5Point 10 1.44 177.5
9 = 1 °
.0349 ^8.9
Experimental Data





. (psi) ^ ( p s i ) Q Sin 2 0 ,Txy (psi)
0 0.40 356 142 71 v£> O O 0 0
O.lD 0.68 356 242 121
O00vO 0.695 84
0.2D 0.90 356 321 160
oCNJ 0.586 94
0.3D 1.20 356 427 213 76° 0.470 100
0.4D 1.45 356 517 258 81° 0.310 80
0.5D 1.50 356 535 268 0 0 0
Experimental Data
Section D-D (Figures 19 and 20)
Depth
Mean 




psi (p V 4Txy2 /(P^5) - 4 Txy2 psi
0 — 0 171 0 29,200 0 142
/
-142
O.lD -9 +9 242 84 58,500 28,300 174 -165
0.2D -25 +34 321 94 103,000 35,500 260 -226
0.3D -32 +66 427 100 182,000 40,000 403 -337
0.4D -27 +93 517 80 267,000 25,600 491 -398










/ ^ j u r e
Transition from Model to Prototype
In a two-dimensional stress system the stress distribution is 
generally independent of the physical constants so long as the 
materials are homogeneous and isotropic, the body either free from or 
subjected to constant body forces, and the stresses are within the 
elastic limit.
The stress in the model is proportional to the load and in­
versely proportional to the depth and width:
CTrn oC
d m  "Lm
Similarly the stress in the prototype is:
d p i p
The transition from model to prototype can be made by dividing









In order to compare stress values obtained by the transition 
formula (A), with stress values found by Guyon, a factor "K” must be 
multiplied times the right hand side of equation (A):
(Tp- ^  OTn Try
where nKM is the ratio of the average stress obtained by Guyon, with 
the use of strain gages placed throughout the end block of prestressed 
concrete beam, to the average stress obtained by the photoelastic
analysis on the CR 39 end block.
K * 0.42 = ( 1 )
0.46 (1.1)
REINFORCING REQUIRED IN END ZONE
The following example problem illustrates the use of stress 
values, found by the photoelastic method, in determining the transverse 
tensile reinforcement required in the end zone.
Examples Design the reinforcing steel required in the end 
zone of a post tensioned beam under the following 
conditions:
(1) Initial load on tendons - 200 kips
(2) Maximum allowable concrete stress in tension 
120 psi.
(3) Beam height 30 inches, width 10 inches.
From transit formula (A):
CTp — ~^rn fanc/rn
fa d/=>
&
=. Gz&XsXo.zvy) zoQooo / 
C/o)C3o) z o ?  / ./
as Z*7S pS/
For the portion of the beam whose stress exceeds the 120 psi allowable, 
reinforcing steel is needed.
$ /o co 30
/<?/%?£ /-yxyr> &s?o/ /3eo/r>
Assuming an average stress of/«^5psi.
The total tensile force to be resisted by steel:
C ? ) (Z O ) (  / < Ls) = / Q  / S o  *
For an allowable stress of 20,000 psi in the steel, the area of steel
required is:
/Q./SO „ ^ . o,,/
A « 20,000 " '7 s
Four 1/2 inch stirrups spaced at 2 inch centers would be sufficient.
CONCLUSIONS AND RECOMMENDATIONS
Based on the author's library research of all available sources 
of information and the model analysis conducted with the use of photo­
elasticity, the following conclusions are presented.
(1) Very little has been done on the model analysis of pre­
stressed concrete end blocks with the use of photoelasticity. The 
material available has been largely obtained from models made of 
concrete, the same material as the prototype.
(2) The photoelastic method provides a very accurate and 
economical means of obtaining stress values at an unlimited number of 
points .
(3) The fringe pattern within the immediate vicinity of the 
concentrated load was blurred making it impossible to determine the 
separate fringe order. In order to obtain a sufficient number of fringes, 
from which stress values were calculated, a large load was necessary 
which resulted in a plastic condition immediately below the load.
(4) The transverse stress along the axis of the applied load, 
was found to be compressive for a distance of approximately 2a/5 below 
the load and then changing to tension for the remainder of the length
of the end block. The original idea was to apply a point load, but when 
the load was applied it had a small width which resulted in a bearing 
plate type loading instead of a point load.
(5) The Shear Difference Method of separating the principal 
stresses is largely dependent upon the accuracy of the location of the 
isoclinics and fringe orders. Small errors of observation are usually 
inherent in graphical integration problems of this nature.
(6) An error of approximately one percent was obtained when 
comparing stress values obtained by Guyon with those calculated by the 
photoelastic method. A possible source of error could have been a 
result of the fringe pattern being altered slightly by the strain, in 
the CR 39, produced by the load on such a small model. The factor "K" 
was used to convert the maximum transverse tensile stress, obtained by 
the photoelastic method, to the maximum transverse tensile stress as 
found by Guyon.
The author makes the following recommendations:
(1) When designing a prestressed concrete end block it will be 
to the designer's advantage to spread the prestressing force over as 
large an area as possible. The length of the lead—in zone will be de­
creased as well as the steel requirements.
(2) The design procedures used in the analysis of end blocks are 
not exact but vary for each type loading arrangement. Therefore it is 
not possible to formulate an exact code for the design of end blocks. 
Experience and good judgment, on the part of the desrgner and the 
engineer in designing and placing the reinforcement, is required in order 
to obtain the desired structural behavior of a member.
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